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(54) Minimizing microbial growth during food processing 



(57) Food processing methods and a food process- 
ing system are provided which minimise microbial 
growth while an animal, such as a chicken, is processed 
into food. During processing, the temperature of an an- 
imal carcass and the atmosphere surrounding the car- 
cass are controlled by spraying gases and a mixture of 



ozone and water on the carcass, directing the gases 
through a passage in a wall to cool a processing area, 
and flowing the gases into the atmosphere surrounding 
the carcass. Preferably, the gases include ozone and 
cryogenic gases recycled from a cryogenic freezer The 
system uses a reduced amount of fresh water by recy- 
cling water used during food processing. 
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Description 

The present invention relates to a food processing 
method and systenn, more particularly to minimising mi- 
crobial growth while an animal is processed into food. 
In addition, the present invention relates to controlling 
temperature and reducing the need for fresh water dur- 
ing food processing. ; 

The health conscious public demarids food that is 
safe, sanitary, and free of micro-organisms and chemi- 
cals. In addition, government health and safety agen- 
cies regulate the quality of food. Although the food in- 
dustry attempts to meet the demands of both the public 
and the government, large scale food preparing opera- 
tions inevitably provide environments favourable for the 
growth of harmful bacteria, fungi, and other microor- 
ganisms. 

Large facilities for processing live animals into food 
have been In use for a number of years. Many of these 
facilities, however, lack adequate equipment and con- 
trols to reduce the growth of potentially harmful micro- 
organisms. Lack of sufficient cooling, atmosphere con- 
trol, and cleansing are some of the primary reasons mi- 
crobes thrive during food processing. 

In most conventional food processing facilities, an 
animal carcass is cooled only after the carcass is proc- 
essed to remove viscera and cut into portions. (As used 
herein, the term "carcass" generally means a whole an- 
imal body or a portion of the animal body) Immediately 
after an animal is slaughtered, however, the resulting ' 
carcass is at a temperature that is approximately the 
same as the body temperature of the animal. This warm 
temperature of the carcass promotes microbial growth 
up until the time when the carcass is finally cooled. Be- 
cause a great amount of time normally passes from 
when an animal is slaughtered to when the processed 
carcass is cooled^ significant growth of microbes can oc- 
cur. 

The atmosphere within a food processing facility al- 
so affects microbial growth during food processing. 
Many different types of micro-organisms thrive on gases 
such as oxygen, but little or no attempt is made to control 
the relative amounts of these gases during food 
processing. In addition, many of the existing food 
processing facilities do not use gases, such as ozone, 
nitrogen, carbon dioxide, and argon, which can control 
microbial growth without contaminating the resulting 
food. 

Poor cleaning of both animals and processing ma- 
chines is yet another reason for microbial contamina- 
tion. Typically, animals, such as chickens, are shipped 
to a food processing facility and slaughtered before they 
have been washed. The filth, faecal matter, and dirt car- 
ried by these animals often spread throughout an entire 
food processing facility, resulting in contaminated food. 

As machines process one animal carcass after an- 
other, they often cross contaminate carcasses and as- 
sist in spreading microbes. Fresh water or water in com- 



bination with chemicals is used to wash the machines, 
but the water alone is ineffective for killing microbes, and 
' the chemicals added to water often pollute the water to 
a level requiring special disposal procedures; Because 
5 nnost conventional food processing facilities use a sig- 
j hificant amount of fresh water, they cannot be located 
: in areas lacking a large source of fresh water . 

It is therefore an aim of the present invention to ad- 
■ dress these problems, and to provide a method and sys- 
10 tem for processing food to reduce microbial grov^nh and 
to eliminate the need for excessive amounts of fresh wa- 
ter 

Accordingly, in a first aspect the invention provides 
a method of processing an animal carcass into food 

1^ comprising; conveyingthecarcasstoa processing area; 
and processing the carcass in the processing area to 
convert the carcass into food, characterised by control- 
ling the temperature of and/or the microbial growth in 
and on the carcass during at least one of the conveying 

20 and processing steps by spraying the carcass with a 
mixture of water and ozone and/or by treating the car- 
cass and/or the processing area with a cold gas mixture 
of ozone and at least one member of the group consist- 
ing of nitrogen, carbon dioxide, oxygen, argon, and air 

25 In contrast to conventional food processing method 

and systems in which a carcass is cooled only at the 
end of a processing line, the present invention cools an 
animal carcass as soon as it is practical and as much 
as possible during processing to maximise shelf life and 

30orr6dLice microbial growth. In particular the food process- 
ing method in accordance with the invention preferably 
cools the animal carcass immediately after it is slaugh- 
tered and drained of blood, because blood drainage 
may be hindered by reduced temperatures. Preferably, 

35 this cooling is continued up to and including, the time 
when the carcass is processed further and packaged. 
To maximise cooling efficiency in some instances; where 
the animal carcass is heated duringfood processing, for 
example, to loosen feathers or remove a hide, the car- 

40 cass cooling is initiated after heating rather than imme- 
; diateiy after slaughter and blood drainage; 

■ The gas preferably includes ozone and may be 
sprayed on the carcass to cool the carcass cryogenical- 
ly. 

— Additionally or alternatively, the mixture of ozone 
and water may be sprayed on the carcass to cool the 
carcass. The sprayed water can be collected, purified, 
and reused during processing. 

Because the ozone and water mixture and gases, 

50 such as ozone, carbon dioxide and nitrogen, are used 
for cooling, rather than pure water, the present invention 
requires less water than conventional food processing 
systems. Preferred embodiments of the invention use a 
reduced amount of fresh water and produce a reduced 

55 amount of waste water by. purifying and recycling water 
used by the system. 

Temperature may be sensed in the processing area 
and cold gas directed into the atmosphere within the 
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processing area when the sensed temperature is above 
a predetermined amount. 

In another aspect of the invention, a food process- 
ing system cools a carcass in at least four different ways 
during food processing: 1) by flowing gases into the 5 • 
processing area, 2) by spraying gases directly on -the 
carcass. 3) by spraying the ozone and water mixture on 
- the carcass, 4) by directing gases through internal pas- 
sages in the walls' of the- processing equipmehtso that 
the cold gas flows through the passage to remove heat^ ^O- 
from the processing area through the>walt Preferably, 
the gases used to perform the cooling of 1), 2) and 4) 
include the gases collected from a cryogenic freezer. 

Where the food product is -frozen in a . freezer by 
spray ing-the food with a cryogenic gas, the gas-sprayed ?5 
in the freezer can be collected/and the carcass cooled 
during the processing step with the collected gas. 

The amount of a predetermined gas may be sensed 
and the predetermined gas added into the processing 
area based on the sensed amount. . - 

In another aspect, the present invention provides a 
system comprising a partially enclosed roorh having an 
entrance and exit; means for conveying;an animal car- 
cass to processing equipment located in. the room and 
suitable for converting the carcass into food; gas supply 25 
lines communicating with the room, the gas supply lines 
being coupled to gas sources including at least one of 
a source of nitrogen, a source of carbon dioxide, a 
source of ozone, and a source of a gas mixture, having 
ozone and at least one of nitrogerrancl carbon dioxide;-- 30, 
vvherein^at; feast one of the sources provides^ ozone; 
means for determining the concentration of at Jeast one 
; gas in the atmospfiere of the room and theitemperature 
-in the room; means for regulating. the flow. of gas in the 
supply, lines and the temperature according to said;de- . 35 
• terminations so that microbial growth in the room.ts con- 
■ trolled^ and sprayer means cotipled.to:a source of a mix- 
ture of: ozone and: water positioned .in Jhe iroom to spray 
' the mixture on-.:atvleast onesof tbejcarcass.;®nd: the 
: processin^equipment. ■ ■ u ■ a ^fr;:^ r 3 ■: : 
The animal carcass can be sprayed, while it is being 
processed, witti a mixture of .ozone and water to reduce 
microbial growth on the carcass. < : 

Microbes may be reduced during animal slaughter 
by introducing into the slaughter area a mixture of gases 45 
including ozone and at least one of the group consisting 
of nitrogen, argon, and carbon dioxide so that the mix- 
ture of gases kills the animal and reduces the amount 
of microbes on the animal. 

Additionally or alternatively, gas may be sprayed so 
within a cavity of the carcass to reduce microbial growth 
and cool the carcass. 

The system may also include:a conduit sized for in- 
sertion into an animal carcass, first and second sprayers 
for coupling to a source of a mixture of ozone gas and 5S 
water, and a shield for shielding the carcass from con- 
tact with substances sprayed off the conduit (ie for 
shielding the carcass both from the spray and from mat- 
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ter carried away from the surface of the carcass by the 
spray. 

The carcass can be passed through a chilled bath 
of ozone and water in which ultrasonic oscillations are 
emitted to loosen microbes from an exterior surface of 
the animal carcass. 

During processing, an exterior surface of an animal 
carcass may be heated to open pores and trisodium 
phosphate sprayed on the carcass while the pores are 
openi 

. In still another aspect of the invention, feathers are 
removed from the exterior of a fowl carcass and the car- 
cass is sprayed with at least one of an ozone and water 
mixture and trisodium phosphate. 

In a further aspect, a live animal is washed with a 
mixture of ozone and water. 

For the avoidance of doubt, the term "animal" is 
used in the description and Claims to encompass any 
form. of livestock; therefore, for example, the term em- 
braces poultry, game birds, fish and the like, as well as 
cattle, pigs, sheep and so on. 

The invention will now be described by way of ex- 
ample and with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a schematic view of a preferred embod- 
iment of the food processing system and includes 
lines representing gas flows in the system; 

: : ^Figure 2 is a partially, schematic view of an interior 
. of processing areas shown in Figure 1 ; 

Figure . 3 is a cross sectional view taken along line 
3-3 ot Figure 2 and shows passages in a wall of the 
processing areas; 

Figure 4 is a schematic view of a water purifier used 
with the processing system of Figure 1 ; 

Figure 5 is another schematic view of the food 
processing system of Figure 1 and includes lines 
representing water flow in the system; 

Figure 6 is a partial view of a washer used in one or 
more of the processing areas shown in Figure 1 ; 

Figure 7 is a partial view ot a feather remover used 
in one of the processing areas shown in Figure 1; 

Figure 8 is a partially schematic view of a conduit, 
shield, and sprayers for processing a chicken car- 
- cass in one of the processing areas shown in Figure 

1; 

Figure 9 is a cross section of the conduit taken along 
line 9-9 of Figure 8; and . 

Figure 10 is a partial view of a chiller used in one of 
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the processing areas shown in Figure 1 . 

Figure 1 Illustrates & systenn In accordance with the 
invention for processing live animals into food, in which 
the systenn includes a plurality of processing areas 10a- 
10j in which individual tasks are performed during food 
processing. Each of the processing areas lOa-IOj is a 
room or chamber containing equipment associated with 
processing anirrials irito food, and adjacent pairs of the 
processing areas 1 0a- 1 0j are interconnected so that the 
processing areas > 10a-10j form an elongated tunnel 
structure. ^ 

As described in more detail below, live animals are 
washed in the processing area 10a and slaughtered in 
the processing area 10b. The resulting carcasses are 
then conveyed through processing areas 10c-10j where 
they are processed into food. In at least some of the 
processing areas lOa-IOj, the interior atmosphere, tem- 
perature, and amount of microbes are controlled during 
processing to reduce microbial growth and prolong shelf 
life of the processed food. 

As shown in Figure 1 , a cryogenic freezer 20 is pro- 
vided to freeze food after it is processed in the process- 
ing areas lOa-IOj. The cryogenic freezer 20 includes 
nozzies 22a and 22b respectively coupled to a source 
30a of compressed nitrogen gas and a source 30b of 
compressed carbon dioxide gas. The nozzles 22a and 
22b respectively spray food with the nitrogen and car- 
bon dioxide gases, and, as these gases expand and 
cool, they absorb heat to f reeze the food in the cryogenic" 
freezer 20. 

Individuals of ordinary skill in the art will recognise 
that many different types of cryogenic gases may be 
sprayed in the cryogenic freezer 20 and many different 
types of cryogenic freezers may be used. For example, 
one of the nozzles 22a( and 22b could spray compressed 
air, argon, oxygen, or a mixture including nitrogen, car- 
bon dioxide, and/or compressed air. Preferably, the cry- 
ogenic freezer 20 is either a tunnel freezer having noz- 
zles for spraying a cryogen on food conveyed on a con^ 
veyor belt, a spiral freezer having nozzles for spraying 
cryogen on food conveyed on a spiral conveyor, a fluid- 
ised bed conveyer having nozzles for creating a fluid- 
is ed bed of food and cryogen, or a cooler having nozzles 
for spraying a cryogen on food conveyed on a turntable. 

Although the cryogenic freezer 20 Includes nozzles 
22a and 22b in the preferred embodiments, other con- 
figurations without nozzles are possible. For example, 
the cryogenic freezer 20 could be an immersion freezer 
having a conveyor for moving food through a bath of cry- 
ogen. 

Vents 24a and 24b respectively collect nitrogen 
gas, carbon dioxide gas, and any other cryogenic gases, 
such as air, after they are sprayed in the cryogenic freez- 
er 20. At the time these gases are collected, they are 
still extremely cold. For example, the temperature of the 
gases may be approximately -50°F (-45.6**C). 

In contrast to conventional freezing processes in 
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which cold cryogenic gases are released into the atmos- 
phere after being sprayed, the system of the present in- 
vention reuses or "recycles" the cold gases after they 
are collected. As explained in more detail below, the col- 

5 : leeted gases are used to cool food and/or asphyxiate 
microbes during food processing to reduce thereby mi- 
■ ' crobial growth. 

After the vents 24a and 24b collect the cold gases 
' such as^nitrogen and carbon dioxide, these cold gases 

10 are directed separately to a controller 40 coupled to the 
cryogenic freezer 20. Nitrogen and carbon dioxide also 
flow to the controller 40 directly from the source 30a of 
compressed nitrogen gas and the source 30b of com- 
pressed carbon dioxide gas. Other gas sources (not 

75 shown) may also be connected to the controller 40. For 
example, the controller 40 may be connected to a 
source of oxygen, a source of argon, and/or a source 
including a mixture of at least some of the following gas- 
es: nitrogen, carbon dioxide, oxygen, argon, and ozone. 

20 As, however, is shown in Figure 1, the controller 40 is 
connected to a source 3Gc of ozone gas. The ozone gas 
source 30c may be capable of converting substances 
such as pure oxygen, air, or water into ozone gas. For 
example, the ozone gas source 30c may inctude an ul- 

25 traviolet light source for generating ozone. Optionally, 
the ozone flowing to the controller 40 from the source 
30c is mixed with oxygen if the ozone generator does 
not convert all of the input oxygen into ozone or if some 
of the generated ozone changes to oxygen. The ozone 

30 > eflowingto the controlter may also bs mixed with air when 
air is input to the ozone generator ar.d the airis not com- 
pletely converted to ozone. 

In the controller 40, nitrogen collected by vent 24a 
MS blended with nitrogen flowing directly from nitrogen 

35 sou rce 30a, and carbon dioxide collected by vent 24b is 
-blended v*/ith carbbn dioxide flowing directly from source 
- '30b. The controJte^40 controls flow of blendednitrogen, 
blended carbon dksxide.^ozone, and any other gases to 
• the processing areas dGQ-10j;and to a storage area 50, 

4^? ' shown in Figure-d -and described in more detail below. 
Because some ■of-the nitrogen, carbon dioxide and/or 
•other gases may originate from the cryogenic freezer 
20, the nitrogen, carbon dioxide, and/or other gases di- 
rected to the processing areas 1 0a-1 Oj and storage area 

^5 '50 are cold enough to cool animal carcasses processed 
in the processing areas lOa-I Oj and cool food stored in 
storage area 50. In addition, the nitrogen, carbon diox- 
ide, ozone, and other gases preferably flow into the at- 
mosphere within the processing areas 1 Oa-1 Oj and stor- 

50 age area 50 to reduce microbial growth. 

The controller 40 controls the relative amounts of 
each gas being blended, and of each gas flowing to each 
processing areas lOa-IOj and the storage area 50. Al- 
though the controller 40 preferably blends the respec- 
ts tive cold gases collected at the vents 24a and 24b with 
gases from the sources 30a. and 30b, the controller 40 
is capable of flowing gases from the vents 24a and 24b 
or from the sources 30a and 30b without blending them. 
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In the storage area 50, the cold nitrogen, cold car- nitrogen, and carbon dioxide from the processing area 

bon dioxide, ozone, and other gases flowing from the controller 110 to inlets ^^Aa, 114b, and 114c communi- 

controller 40 are released Into the atmosphere, sur- eating with the processing area interior 116. Each of the 

rounding food products stored therein. The controller 40 inlets 114a, 1 14b, and 114c includes a blower fan 118 

regulates the concentrations of gases and temperature 5 for forcing the gases into the processing area interior 

in the storage area 50 by controlling the respective 116 and a.movable. door 120 for closing the inlets 114a, 

amounts o1 gases flowing to the storage area 50. This .114b, 11*4c when the processing area interior 116 is 

extends the storage life of the food productsras com- cleaned.. . 

pared to conventional cold storage systems; because The. processing area controller 110 is coupled to a 

the nitrogen, carbon dioxide, and ozone control micro- io sensing unit 122 communicating with sensors 124a, 

bial growth without contaminating the food- and main- •■ 124b, 124c, and 124d tor respectively sensing amounts 

tain a cooled environment in the storage area 50. In ad- of ozone gas. nitrogen gas. and carbon dioxide gas and 

dition, the storage area 50 costs much less to. operate the temperature in the processing area interior 116. The 

because it uses coid nitrogen, cold carbon dioxide, and processing area controller 110 respectively adds ozone 

other gases collected at vents 24a and 24b that would is gas optionally in an oxygen and/ or air gas stream, ni- 

otherwise have been released into the environment and trogen gas, and carbon dioxide gas to the processing 

wasted. area interior 116 via the^supply lines 11 2a-1 12c when 

Figure 2 shows the general layout of each of the the respective amounts sensed by the sensors 124a- 

processing areas lOa-lOj. As shown in this figure, each . .124c are less than predetermined amounts sufficient to 

of the processing areas lOa-IOj includes walls 100 form- 20 , limit microbial growth. In this manner, the amounts of 

ing a partially enclosed room having an, entrance 102, each gas in the atmosphere of the processing area in- 

an exit 104, and an interior 116. Preferably, the corre- terior 116 are controlled to limit or reduce microbial 

sponding exit 1 02 and entrance 1 04 of adjacent pairs of - , growth in the processing area interior 116. 

the processing areas lOa-IOj are joined to one another The controller 110 preferably maintains the atmos- 

toform the tunnel-shaped configuration shown in Figure 25 phere of the processing area interior 116 with predeter- 

1 , mined amount of ozone, nitrogen, carbon dioxide, and 

As shown schematically in Figure 2, each of. the other gases, such as oxygen or air. For example, the 

processing areas 10a-10j preferably includes process- gases flowjng irito the processing area interior include 

ing equipment 106 for performing a step-or steps asso- . . nitrogen, carbon dioxide, and .a mixture containing be- 
ciatGd with processing a. live animal into food. -J^iex^ '. 30 tween about 0.5%:by weight to about 4% by weight of 

ample, the processing equipment 106 may:Comprises ozone and oxygen or air. 

an animal washer, an animal head capture device, gas Preferably, the atmosphere in the processing area 
nozzles for spraying an animal with slaughtering gas, a interior 116 includes between about 2% by weight to 
neck slitting device, blood rem.oval drains, a. scalding about 7% by weight of ozone. When poultry, pork, or 
:tah k; a feather remover, a.hide remover, a hairj-emovlng. 3S beef is processed, the processing area Interior 11 6 pref- 
- device, a viscera remover, ^a cutting .device,- a chiller, erably has about 3.5% by weight of ozone^ When sea- 
" transporting equipment,, or packager, (such as a -high food is.processed, the processing area interior 116 pref- 
' speed atmosphere controlled packaging device). .V.:- erably has above about 3.5% of ozone to provide 
, ' - A-conveyor 108 preferably conveys .liv^vanimals bleaching. In the preferred embodiment, the ozone gas 
. ..and/or animal carcasses th rough each of the processing 40. flowing into the processing area 11 6 is mixed with either 
: areas .10a-10j by moving them from.the entrance ;1Q2 to oxygen or air because most ozone generators do not 
• the processing equipment 106, and then to the exit 104. convert all input oxygen or air into ozone. However, the 
Each of the processing areas 10a-10j may include a - total amount of oxygen and/orair in the processing area 
separate conveyor 108, or adjacent processing areas 116 is preferably insufficient to allow for significant mi- 
may have a common conveyor 108. As shown in Figure ^5 crobial growth. 

2, the conveyor 1 08 is an overhead chain driven con- The processing area controller 1 1 0 also adds gases 
veyor having shackles 108a for supporting animal.car- to the processing area interior 116 via the supply lines 
casses, however, the skilled person will of course ap- Ii2a-112c when the temperature sensed by the temper- 
preciate that other conveying arrangements may be ature sensor 124d is above a predetermined tempera- 
used. For example, the conveyor 108 may be a moving so ture, such as about 33**F (0.6'*C) to about 40°F (4.4°C), 
belt positioned below the processing equipment 106 or which temperature is sufficient to support some micro- 
it may be a channel containing moving water for floating bial growth. Preferably the processing area interior 116 
animal carcasses along a path. is maintained at about 33°F (0.6C) to provide maximum 
As shown in Figure 2, each of the processing areas microbial growth reduction without freezing any water 
10a-10j includes a processing, area controller 110 re- ss present in the processing area interior 116. 
ceiving input of ozone,, nitrogen, and carbon dioxide In addition to reducing or eliminating microbial 
gases from the controller 40 shown in Figure 1 . Supply growth, the gases flowing into the processing area inte- 
lines 112a, 112b. and 112b respectively supply ozone, rior 116, such as the cold gases originally collected by 
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the vents 24a and 24b, coot the processing area interior 
116 and animal carcasses being processed therein. 
This cooling also limits or reduces microbial gro'wth in 
the processing area interior 116. 

As will be recognised by those of ordinary skill in 
the art other gases may be flowed into the processing 
area interior 116 in response to a sensed temperature 
or a sensed gas amount: For example, oxygen, argon 
or a mixture including at least some of the following gas- 
es: ozone, nitrogen, carbon dioxide, oxygen, and/ or ar- 
gon could be added to the processtng.area interior 116. 
When air or other gases are used to freeze- food cry o- 
genically in freezer 20, these gases can be collected and 
reused to perform cooling in the processing area interior 
116. 

As shown in Figure 2, a nozzle 126 is positioned in 
the processing area interior 116 to spray a previously 
compressed gas on the animal carcasses and, option- 
ally, on the processing equipment 106. The gases 
sprayed from the nozzle 126 are preferably supplied by 
the processing area controller 1 1 0 and the controller 40. 
The sprayed gas preferably includes ozone, carbon di- 
oxide, nitrogen, and/or a mixture of ozone and at least 
one of the following gases: nitrogen, carbon dioxide, ox- 
ygen, argon, and air 

As the gas is sprayed from the nozzle 126, it ex- 
pands to coo! the carcass cryogenically and thereby re- 
duce microbial amounts on the carcass. In addition, the 
gas preferably asphyrciates microbes to pro\*irJe addi- 
tional reduction in miciobial amount. 

Also positioned In the processing area irnerior 116 
is a sprayer 128 coupled to a source of a mixture of 
ozone and water. The sprayer 12S sprays a stream, aer- 
osol, or mist of the ozone and water mixture on the car- 
cass and, optionally, on the processing equipment 106 
to wash substances from the carcass and processing 
equipment 106. After the ozone and water mixture is 
sprayed, the mixture and any substances carried by the 
mixture are drained away through a drain 1 29 positioned 
in the lowermost portion of the processing area interior 
1 1 6. As described in more detail below, the drained mix- 
ture is purified and the purified water therefrom is re- 
combined with more ozone to form the ozone and water 
mixture sprayed by the sprayer 128. 

The sprayed ozone and water mixture preferably in- 
cludes at least about 0.00002% by weight of ozone and 
up to about .0018% by weight of ozone. The ozone in 
the mixture limits or reduces microbial growth on the car- 
cass and equipment 106 to limit or prevent contamina- 
tion between different carcasses: 

Preferably, the water and ozone mixture is chilled 
to a temperature of from about 33°F (.6°C) to about 40° f 
(4.4°C) so that the mixture sprayed from the sprayer 1 28 
cools the carcass while it is being processed. This cool- 
ing also reduces the amount of microbes on the carcass. 

Because excessive amounts of the processing area 
gases, such as ozone, are toxic to humans, the walls 
100 isolate the atmosphere in processing area interior 
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116 from workers to maintain human safety. This is in 
contrast toconventional food processing facilities where 
. workers are present in the immediate vicinity of food 
- processing equipment. ' 
5 Preferably, the walls 100 of each of the processing 

, areas lOa-IOj are sealed to prevent leakage of gases 
from anywhere other than the entrance 1 02 and exit 1 04 
of the processing area interior 116. When the gases 
pass into the entrance 102 and exit 104, negative pres- 

10 sure exhaust passages 130 positioned in the entrance 
102 and exit , 104' remove the gases so that^they do not 
: : pass into other-areas of the food processing system. To 
destroy potentially toxic amounts of ozone gas, each of 
the exhaust passages 130 optionally includes an ozone 

75 ,:gas scrubber 1 32, such as a manganese dioxide filter 
When the gases removed by the negative pressure 
exhaust passages 130 have not been heated signifi- 
cantly, the system preferably recycles these gases for 
reuse in the processing areas lOa^iOj. This recycling is 

20 performed by directing the collected gases from the ex- 
haust passages 130 to the processing area controller 
110 v\^hen the gases are below a predetermined temper- 
ature, such as about -50° F (-45.6''C) to about O^'F (- 
17.8°C). The processing area controller 110 then dis- 

25 tributes these recycled gases to one of the supply lines 
112a-1 12c or the nozzle 126. This gas recycling reduces 
the amounts of gases required to perform cooling and 
thereby increases the cooling efficiency of the system. 
After the ozon« and water mixture is sprayed from 

-3a the sprayer 12S, i*o no of the ozone gas may come out 
Of the mixture and be released into the procesoing area 
interior 116. Preferably, this ozone is collected by the 
exhaust passages 1 30 and reused du ring food process- 
ing. In the alternative, this collected ozone gas is 

35 scrubbed from the gases exhausted from the process- 
ing area interior 116 when the ozone gas scrubber 1 32 
is present. 

As shown in Figure 2, emitters 134, such as ultra- 
sortie bscNlators or speakers, are preferably (Dositioned 

40 in the processing cells lOa-IOj. The emitters 134 emit 
- ultrasonic vibrations or oscillations in the processing cell 
interior 1 1 6 to loosen microbes from exterior surfaces of 
the carcasses and processing equipment 106. To re- 
move a significant number of microbes, the emitters 1 34 

45 preferably emit the ultrasonic vibrations while the ozone 
and water mixture is sprayed from sprayer 128: For ex- 
ample, the frequency of the ultrasonic oscillations may 
be about 100.6 kHz and about 848.2 kHz, or below or 
above this range. 

50 As shown in Figure 3, the walls 100 of the process- 
ing areas lOa-IOj include internal passages 134. These 
internal passages 134 are in communication with the 
gases flowing from processing area controller 110 so 
that the walls 100 form a heat exchanger for removing 

55 heat from the processing area interior 116. In response 
to an increased temperature being sensed by the tem- 
perature sensor 124d, the processing area controller 
1 1 0 sends to the internal passages 1 34 cold gases, such 
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as the cotd nitrogen and/or carbon dioxide gases col- 
lected by the vents 24a and 24b. The cold gases flow in 
the internal passages 134 and act as a heat exchange 
medium to remove heat from the processing cell interior 
116 through the portion of the wall 100 facing the 
processing cell interior 1 1 6. After the gases flow through 
the internal passages 1 34 and absorb heat;.;they are ei- 
ther vented into the environment or directed back to the 
processing area controiler 110 for reuse. 

. In contrast to conventional food processing system 
in which a carcass is cooled only at the end of a process- 
ing line, the present tnvention cools an animal carcass 
as soon as it is practical and as much as possible during 
processing to maximise shelf life and reduce microbial 
growth. In particular the food processing, system pref- 
erably cools the animal carcass immediately after it is 
slaughtered and drained of blood, because blood drain- 
age may be hindered by reduced temperatures. Prefer- 
ably, the food processing system continues this cooling 
up to and including the time when the carcass is proc- 
essed further and packaged. To maximise cooling effi- 
ciency in some instances where the animal carcass is 
heated during food processing, for example, to loosen 
feathers or remove a hide, the carcass cooling is initiat- 
ed after heating rather than immediately after slaughter 
and blood drainage. 

The food processing system cools a carcass in at 
least four different ways during food processing: 1) by 
flowing gases into the processing area 116 through the 
inlets 114a-114c, 2) by s pray irig. gases directly onithe"^ 
' carcass fron^ the nozzle 126, 3) by spraying the ozone 
and water mixture on the carcass from the sprayer 1 28, 
and 4) by directing gases through the internal passages 
1 34. Preferably, the gases used to perform the cooling 
oi 1 ), 2), and 4) include the gar.es collected by the vents 
24a and 24b from the cryogenic freezer 20. 

Because the ozone and water mixture and gases, 
such as ozone, carbon dioxide, and nitrogen, are used 
for cooling, rather than pure water, the present Invention 
requires less water than conventional. food processing- 
systems. The preferred embodiment of the invention us- 
es a reduced amount of fresh water and produces .a re- 
duced amount of waste water by purifying and recycling 
water used by the system. : 

Preferably, the system includes a water purifier 200, 
. shown in Figure 4, for converting water used in the cells 
lOa-IOj into potable form: Water, previously used in the 
cells lOa-IOj, is drained through the drain 129; shown 
in Figure 2. and flows through a filter 210 that removes 
solid particles suspended in the water so that the light 
transmissivity of the water is at least 80 nanometric tur- 
bity units (NTU). The filter 210 may be any type of con- 
ventional device for filtering solids, such as, for example, 
those disclosed in U.S. Patent Nos. 5,322,623; 
5,31 8.708; and 5,262,047. 

After passing through the filter 210, the purifier 200 
removes dissolved solids in the water by passing the 
water through one or more of the following conventional 



water purification devices: an inline electrocoagulation 
device 212 which sends a DC current through the water 
to drive particles, such as organic material, from the wa- 
ter; an inline ozone injector 214 which injects ozone into 
5 the water to increase the oxygen level of the water and 
correspondingly reduce the biological oxygen demand 
of the water; an ozo-flotation device 21 6 that cleanses, 
■purifies, deodorises, and stabilises the water by bub- 
bling ozone through the water to disturb the polar bal- 
10 ance between partlcJes and float the particles to the top 
of a tank where a paddle removes them; and a biofiltra- 
tion device 218 including an activated carbon filter hav- 
' ing special bacteria grown thereon to reduce contami- 
; nants and carcinogens by converting them into acid. 
IS The purifier 200 then purifies the water further by 
- exposing the water to ultraviolet light emitted from an 
, ultraviolet light source 220 and adding 2-4 ppm chlorine 
from a chlorine source 222. The resulting water is pref- 
. erably potable and can therefore be reused by the sys- 
20 tem. Preferably, the purified water has a total plate count 
• of less than 500 colony forming units per milliliter (CFU/ 
ml), no conform or E. coli, total organic carbon of less 
than 100 mg/l, and a percent tight transmittance where 
less than 5% of each water sample has no more than 1 
25 NTU and none of the water is greater than 5 NTU. 

Figure 5 is a water flow diagram for the food 
processing system: As shown in Figure 5, fresh water 
_ from a fresh water source 230 enters the. food process- 
ing system. A blending device 240 automatically com- 
30 bines the fresh water from. the fresh water source 230 
with reconditioned potable water (RPW), which has 
been purified by the purifier 200, to create complex feed 
water (CFW). Preferably, a total organic carbon detector 
^ 242 measures the amount of total organic carbon in the 
35 RPW before the RPW flows into the blending device 
240. In response to signals from the total organic carbon 
detector 242= the blending device 240 automatically 
•adds fresh water to the RPW when the sensed amount 
-.of total organic. carbon rises above a maximum level, 
40 ' such as, for example, 100 mg/l. Preferably, the blending 
. device 240 continuously blends a sufficient amount of 
: fresh water with the RPW to regulate the amount of total 
. organic carbon in the resulting .CFW. 

The CFW flows to the processing areas lOa-IOj 
45 where it is combined with ozone, such as the ozone from 
source 30c shown in Figure 1, and sprayed, for exam- 
ple, by sprayer 1 28 on animal carcasses and processing 
equipment 1 06. As explained above, the ozone and wa- 
ter mixture is used to cool the animal carcass, reduce 
50 microbial growth on both the processing equipment 1 06 
and carcass, and wash substances from both the car- 
cass and processing equipment 106. After performing 
these functions, the water and ozone mixture is drained 
from the processing areas lOa-IOj and carries washed 
55 substances along with it. 

The purifier 200, described above, then removes 
particles from the water and the purified water (RPW) 
renters the blending device 240 for reuse. As shown in 
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Figure 5, the purifier'200 may include an ozone monitor 
244 that determines the oxidation reduction potential of 
the water, and light transmission monitors 246 that 
measure the turbidity of the water. Preferably, some or 
ail of the devices 210-222 of the purifier 200 act in re-: 
sponse to the monitors 244 and 246 to reduce amounts 
of contaminants in the water passing from processing 
areas 10a-10j. . , 

Because the system purifies water used during food 
processing and reuses the water, the amount. of fresh 
water required by the food processing system is signif- 
icantly reduced from that required by conventional sys- 
tems. For example, when the system is used to process 
poultry, the system reuses about 90% of the water and 
requires significantly less fresh water than conventional 
food processing systems. In conventional poultry 
processing, about 7 to 10 gallons (26.5 to 37.9 litres) of 
fresh water is required for each chicken that is proc- 
essed. When the present invention is used for poultry 
processing, it preferably uses only about 0.75 US gal- 
lons (2.8 litres) to about 1 US gallon (3.8 litres) of fresh 
water. The resulting fresh water savings significantly re- 
duces food processing cost and allows for food process- 
ing in geographic areas having a limited supply of fresh 
water. 

If a processing area, such as processing area TOk, 
shown in Figure 5, requires fresh water that has not 
been blended with recycled water, the food processing 
system directs fresh water from the fresh water source 
230 directly to the processing area 10k without blending 
it with the RPW. 

Some of the processing areas, such as a process- 
ing area 10L, may add to the CFW substances, such as 
large amounts of fecaf matter or salt, that are difficult to 
remove completely and may contaminate or "damage" 
the RPW, Water flowing from the ceH 10L is preferably 
filtered by a particle filter 250 like the filter 21 0 and chlo- 
rinated with chlorine from a secondary chlorine source 
252 to create limited reuse water (LRW) that is stored 
in LRW storage 254. Rather than being used in the 
processing areas lOa-IOj during food processing, the 
LRW stored in LRW storage 254 is preferably used in 
areas of the system that do not require potable water, 
such as a cooling tower, a vacuum device, an animal 
pen wash device, a truck washing area, or a soil clean- 
ing device (not shown). 

Methods of processing live chickens into food with 
the structure shown in Figures 1 -5 and additional struc- 
ture shown in Figures 6-10 are discussed below. Al- 
though the invention is described in association with 
poultry processing, it should be understood that the in- 
vention in its broadest aspects is not so limited. For ex- 
ample, the invention may be readily practised to process 
many different types of animals such as cattle, swine, 
sheep, lamb, ostrich, seafood including fish, or types of 
fowl other than chickens, such as turkeys and ducks. In 
addition, the method of the invention in its broadest 
sense could be practised with structure different from 
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that described in connection with Figures 1-10. 

To process chickens into food, live chickens are de- 
. livered to the food processing system and workers place 
the chickens in the shackles 108a of the conveyor 108. 
s ■■ Initially, the conveyor 108 moves the .live chickens 
through processing area 10a, which includes a washer 

■ 300, shown, in Figure 6. The washer 300 has a plurality 
of sprayers 302 coupled to a source of the ozone and 
water mixture that is pressurised at a pressure of from 

10^ about 1,200 pounds per square inch (8,273,708 N/m^) 
to about 2,000 pounds per square inch (13,789,514 N/ 
m?). The ozone and water mixture preferable includes 
at least about .00002% by weight of ozone and up to 
about :0018% by weigh - of ozone. 

75 The sprayers 302 are preferably positioned so that 
they spray the mixture at particular areas of the live 
chickens, such as the rear end, to wash soil, filth, and 
faecal matter from each of the chickens. This Is in con- 
trast to conventional food processing methods in which 

20 . live animals are not washed prior to being processed. 

In addition to the sprayers 302, the washer 300 in- 
cludes brushes 304 for scrubbing the chickens being 
conveyed by the conveyor 108, and nozzles 306 for 
spraying the chickens with a gas mixture including from 

25 about 1% to about 5% by weight of ozone. The ozone 
in the mixtures sprayed respectively from the sprayers 
302 and nozzles 306 significantly reduces microbial 
; growth and the amount of microbes on the chickens. 
After the chickens are washed in the processing ar- 

30 ea 10a, the conveyor 10B conveys thie chickens to the 
processing area 10b. The atmosphere in the processing 
cell 10b includes ozone in combination with a gas mix- 
ture of nitrogen and/or argon, optionally some carbon 
dioxide, and a small amount of oxyger^ or air Preferably, 

-35.. the processing cell atnnosphere includes ozone com- 
bined with the nitrogen, argon, carbon dioxide, and/or 
•oxygen gas mixtures as disclosed in European Patent 

■ ■' Application Publication. No. 0 434 27S At. 

For example, the atmosphefe.in the processing cell 

40 tob may include between about 0.0007% and about 
0.0018% by weight ^ of ozoae. The remainder of the at- 
.niosphere includes ati least about 98% by weight of ni- 
trogen, argon, carbon dioxide, and a remainder of oxy- 
gen. As the chickens breathe these gases, they are 

45. stunned and almost instantly slaughtered to produce a 
carcass without significant suffering. 

During the slaughter, . ttie chickens become ex- 
posed to the ozone blended in the processing cell at- 
mosphere so that microbial growth on the exterior sur- 

50 face of the chickens is reduced even further. This is sig- 
nificant because most, it not all, known gas slaughtering 
processes do not employ a gas or other means for re- 
ducing pathogen growth on a resulting animal carcass. 
Although gases are preferably used to slaughter the 

55 chickens in processing area 10b, other slaughtering or 
stunning processes may be used. For example, the 
chickens may be stunned with a conventional device 
(not shown) that sends an electrical pulse through each 



EP G 827 695 A2 



BNSDOCID: <EP 0827e95A2J_> 




15 ER0 82 

chicken. 

As the processing continues, the chicken carcasses 
are conveyed into the processing areas 10c and 10d, 
where the necks of the chicken carcasses are severed 
and blood is allowed to drain from the carcasses, re- 
spectively. In processing areas 10c and lOd, nozzles 
and sprayers, such as nozzle 126 and sprayer 128 
shown in Figure 2, preferably spray ozone and the mix- 
ture of ozone and water, respectively, directlyat each of 
the chicken carcasses to reduces the amount of mi- 
crobes during neck severing and blood drainage. Op- 
tionally, the processing areas 10c and lOd also include 
the washer 300 shown in Figure 6. " 

The conveyor 108 then transports the chicken car- 
casses to a scalding device (hot shown) positioned in 
processing cell lOe. Each of the chicken carcasses is 
dipped into heated liquid contained in the scalding de- 
vice to loosen feathers from the exterior surface of the 
carcasses. For example, the scalding device may be 
configured like the scalding system disclosed in U.S. 
Patent No. 4,996,741. 

After scalding, the conveyor 1 08 moves the chicken 
carcasses through the processing areas lOfrlOj, where 
the ozone and water mixture and the gases, such as 
ozone and/or the gases collected by the vents 24a and 
24b of the cryogenic freezer 20, preferably cool the 
chicken carcasses for the remainder of the processing. 
As described above in connection with the description 
of the processing area interior 116 shown in Figure 2, 
cooling is performed by sprayingrthe.ozone arid water- 
.mixture from the sprayer 128 in' a stream; aerosol, or 
mist directly on the carcasses, spraying gas from the 
nozzle 126 directly' on the carcasses, directing , gas 
through inlets 1 1 4a-1 1 4c into the processing cell interior 
.116, and/or flowing the gas .through the inte rior passag- 
es -1 3^.- in walls 100; j:-^ - ■ • ' 

The chicken carcasses are preferably cooled imme- 
diately after scalding because the coolihgcwould be in- 
efficient if it took place prior thereto. A^earcass chiller, 
sucEi as carcass chiller 600 shown in Figure tOi and de- 
scribed in m=ore detail below, is preferably us'edlo per- 
form this cooling rapidly Cooling the chicken carcasses 
prior to feather removal loosens feathers.from the car- 
cass and closes pores in the carcass skin thereby re- 
ducing the likelihood of trapping micro-organisms in the 
pores. If the chicken carcasses are not scalded to loos- 
en feathers, the cooling is. initiated immediately after 
blood is drained from the carcasses. In the alternative, 
the cooling could be initiated immediately after slaughter 
if this does not hinder, blood^drainage. 

-The processing area 1 0f includes at least one feath- 
er remover 400 shown in Figure 7. The feather remover 
400 includes a support 410xoupled to a motor (not 
shown) so that the support 410 and a plurality of tines 
420 mounted to the support 310 rotate, for example, 
about an axis of the support 41 0 in a direction A. 

Each of the tines 420 includes a first lumen in fluid 
communication with a source of the of ozone and water 
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mixture, and a second lumen in fluid communication 
with a source of Irisodium phosphate. The first and sec- 
ond lumens have respective openings 422a and 422b 
for spraying the ozone and water mixture and the triso- 
5 dium phosphate on chicken carcasses during feather re- 
. moval. ... 

As chicken carcasses are conveyed through the 
processing area lOe. the support 410 rotates so that the 
tines 420 come in contact with the outer surface of the 
10 chicken carcasses . and remove feathers therefrom. 
While the feathers are being removed, the ozone and 
water mixture and trisodium phosphate are sprayed 
. from the openings 422a and 422b, respectively In ad- 
dition, ultrasonic oscillations are preferably emitted from 
15 the emitters 134 shown in Figure 2. 

Because the chicken carcasses enter the process- 
ing area lOf after being scalded in the processing area 
lOe, pores in the exterior surface of each of the chicken 
carcasses are open. The trisodium phosphate sprayed 
20 ;from opertings 422b is forced into these open pores and 
renders the exterior surface of the chicken carcasses 
extremely slippery. This makes it difficult for bacteria 
and other microbes to attach to the slippery exterior of 
the chicken carcasses as the ozone and water is 
25 sprayed from the openings 422a to wash microbes from 
the carcasses.. 

The ultrasonic oscillations generated by the emit- 
ters 134 loosen the bacteria and other microbes from 
the chicken carcasses. This also assists in removing 
30: bacteria and other microbes from the exterior of the 
chicken carcasses as the chicken carcasses are 
, sprayed with the ozone and water mixture. 

Although the feathers are preferably removed when 
the tines 420 contact the outer surface of the chicken 
35 . carcasses, the feathers could be removed in other ways. 
For example, the ozone and water mixture and/or triso- 
dium phosphate sprayed from the tines 420 could re- 
move the feathers without having the tines 420 them- 
. . - selves come in contact with the carcass. In addition, the 
40 ultrasonic oscillations emitted from the emitters 134 
could remove feathers. 

After the feathers are.remcved in the processing ar- 
ea lOf; the conveyor 108 moves the chicken carcasses 
;. into processing area 10g. where processing equipment 
45 106 removes viscera from the conveyed chicken car- 
casses. For example, the processing equipment 106 for 
removing viscera preferably includes croppers, neck 
breakers, head pullers, venters, openers, eviscerators, 
inside/outside bird washers, and/or lung removal vacu- 
50 urns. 

' To cool the chicken carcasses and reduce microbial 
growth after viscera removal, a conduit 500, shown in 
Figures 8 and 9, is inserted into an internal cavity of the 
carcasses and substances, such as nitrogen gas, car- 
55 bon dioxide gas, ozone gas, and/or a mixture of ozone 
and water are sprayed from the conduit 500 into the 
cavity. As shown in Figures 8 and 9, the conduit 500 
includes a plurality of lumens 502a, 502b, and 502c cou- 
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pled to sources of the substances and a plurality of ap- 
ertures 504a, 504b, and 504c respectively communicat- 
ing with the lumens 502a-502c to spray the substances 
therefrom. 

As the conduit 500 enters the cavity of a chicken 
carcass, a shield 512, shown in Figure 8, Is moved to- 
ward the conduit 500 so that the conduit 500 is posi- 
tioned within a slot 51 4 in the shield 512. The shield 51 2 
covers an opening in the chicken carcass to partially trap 
gases being sprayed in the cavity of the carcass. The 
sprayed gases, such as nitrogen, carbon dioxide, and/ 
or ozone, preferably fill the cavity and purge any oxygen 
residing in the cavity This is significant because many 
microbes are unable to survive in the absence of oxy- 
gen. 

Sprayers 520 are positioned to spray the ozone and 
water mixture on the exterior of the chicken carcass and 
the exterior surface of the conduit 500 as the conduit 
500 is removed from the cavity Preferably the emitters 
1 34, shown in Figure 2, emit ultrasonic oscillations while 
the ozone and water mixture is sprayed to loosen mi- 
crobes from the chicken carcasses. 

The sprayed ozone and water mixture reduces mi- 
crobial growth and prevents cross contamination be- 
tween chicken carcasses as the conduit 500 is inserted 
from one chicken carcass into another. To shield the 
chicken carcass from any substances sprayed off of the 
conduit 500, the shield 512 covers the chicken carcass 
while the sprayers 520 spray the o2one and water mix- 
ture. 

The chicken carcasses are conveyed from the 
processing area lOg into processing area lOh. The 
processing area lOh includes a carcass chiller 600, 
shown in Figure 10, containing chilled ozonated water. 
The carcass chiller 600 is preferably constructed like the 
carcasschillerand sterilizer disclosed in U.S. Patent No. 
4,827,727, which is incorporated herein by reference. 
Because the chicken carcasses are -cooled in each of 
the processing areas 10f through lOh, the size of the 
carcass chiller 600 may be smaller than that required in 
conventional chicken processing to chill a carcass to a 
predetermined temperature; ■ 

As shown in Figure 10, the carcass chiller 600 pref- 
erably includes ultrasonic emitters 610, similar or iden- 
tical to the emitters 134 shown in Figure 2. Each of the 
chicken carcasses are dipped in the carcass chiller 600 
as the conveyor 108 moves them through the process- 
ing area lOh so that the chilled ozonated water in the 
carcass chiller 600 surrounds the carcasses. When the 
carcasses are in the ozonated water, ultrasonic oscilla- 
tions emitted from emitters 610 dislodge bacteria and 
other microbes trapped in the pores of the chicken car- 
casses so that the ozone in the ozonated water destroys 
them. 

Optionally the processing area lOh also includes 
an additional ozonated water bath (not shown) for con- 
tacting an external surface of the chicken carcass with 
ozonated water wh ife the carcasses are submerged. For 



example, the poultry carcasses may be exposed to ozo- 
nated water in the manner described in U.S. Patent Nos. 
4,849.237 and 5,227,184. 

If the chicken carcass: is to be cut into portions be- 
5 fore it is packaged, the chicken carcass is conveyed by 
: the, conveyor 108 into the processing area lOi. In the 
processing area 1 0i, cutting implements (not shown) cut 
the chicken carcass into portions and the portions are 
• ; separated according to the manner.in which they will be 
10 r. packaged. Preferably, the nozzle 128, shown in Figure 
2, sprays the cutting implements with the ozone and wa- 
ter mixture. This reduces microbial growth and limits the 
possibility of cross contamination when the cutting im- 
plements slice different chicken carcasses. 
75 If the chicken carcass is to be packaged, the con- 
' veyor 108 conveys the chicken carcass to a processing 
area -lOj, which includes packaging machinery (not 
shown). Preferably, the chicken carcasses are pack- 
aged in modified atmosphere packaging containing gas 
20 mixtures including ozone. These gas mixtures prolong 
shelf life and resist decolorization of the chicken meat. 
For exampJe, the packaging machinery may package 
the chicken carcasses by using the controlled atmos- 
phere packaging methods described :n U.S. Patent Nos. 
25 4,933,411 or 5,352,467. 

The resulting packaged and unpackaged poultry 
food products can be stored in the storage area 50, fro- 
zen .in the cryogenic freezer 20, or shipped to other lo- 
; cations. In addition, the unpackaged poultry products 
30 can be processed further such as by breading or frying. 
As the live chickens are processed into food, the 
atmosphere in each of the processing areas 10a- l Oj is 
:i controlled to reduce microbial growth and prolong shelf 
life. Because the chicken carcass is heated in the scald- 
35 ing tank, cooling with the gases and mixture of ozone 
and water preferably takes place only after scalding. 
However, when the invention is practised to process 
. chicken or other animals into food without scalding or 
heating the carcass, the gas cooling may be conducted 
40 throughout the food processing immediately after the 
^imal is slaughtered and bled. 

During poultry processing or processing of other an- 
imals,' the water used in each of the processing areas 
10a-1 Oj is collected and reused in the processing areas 
45 i0a-10j after it is purified to potable form by the water 
purification system shown in Figure 5. Because a sub- 
stantial amount of the water is reused, the present food 
processing system represent a dramatic improvement 
over existing food processing systems. 

so 

Claims 

1 . A method of processing an animal carcass into food 
55 comprising; 

conveying the carcass to a processing area; 
and 



BNSDOCID: <EP 0827695A2_L> 



10 



19 

processing the carcass in the processing area 
to convert the carcass into food, 

characterised by controlling the temperature of and/ 
or the microbial growth in and on the carcass during 
at least one of the conveying arid processing steps 
by spraying the carcass with a mixture of water and 
ozone and/or by treating the carcass- and/or the 
processing area with a cold gas mixtureof ozone 
and at least one member of the group consisting of 
nitrogen, carbon dioxide, oxygen,- argon> and air. 

2. A method according to Claim 1 , where m thie step of 
controlling the temperature lincludes sensing the 
. temperature in the processing area and flowing the 
cold gas mixtures into the atmosphere of the 
processing area when the sensed temperature is 
above a predetermined level. 

3.. A method according to Claim. 1 or. Claim 2, further 
comprising the steps of freezing the food by spray- 
ing it with a cryogenic gas including at least one of 
the group of carbon dioxide, nitrogen, and air, col- 
lecting the cryogenic gas, and utilising the cryogen- 
ic gas in the mixture to control the temperature of 
the carcass during the processing step. 

4. A method according to Claim 1 , Claim 2 or Claim 3, 
- further comprising spraying the carcass, with. the 

mixture of vyater and ozone ta cool the carcass.- 

5. . A miethodaccordingtoClaim 4, wherein the carcass 

is treated withat least a mixture of-water and ozone, 
. further comprising the steps of collectingthe water, 
purifying it, and reusingthe purified water during the 
processing step; ■ '. -:\q. -i^^:^-^^ 

6: 'A method according to Claim 5, further comprising 
: the steps of combining the purified water with fresh 
watc r to create.compiex feed water, :and-;iiising the 
complex feed water.during the processing, step. 

. 7. A method according to any preceding Claim, further 
comprising emitting ultrasonic oscillations to an ex- 
terior surface of the carcass during the treating step 
•to reduce adherence of microbes on the exterior 
surface. 

8. A method according to any preceding Claim, further 
comprising applying trisodium phosphate to an ex- 
terior surface of the carcass to reduce adherence 
of microbes on the exterior surface. : 

9. A method according to any preceding Claim further 
comprising venting ozone gas released after the 
ozone and water mixture is sprayed and reusing the 
ozone gas during the processing step. 
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10. Amethodaccordingtoany preceding Claim, further 
comprising spraying the ozone and water mixture 
. on processing equipment to reduce microbial 
growth on the processing equipment. 

5 ■ . • 

. 11. Amethodaccordingtoany preceding Claim, further 
comprising sensing, in the atmosphere of the 
processing area, the amount of a predetermined 
gas including at least one of the group consisting of 
10 ozone, nitrogen, and carbon dioxide, and adding 
Jhe predetermined gas into the processing area 
based on the sensed amount. 

12. A method according to Claim 1 wherein the animal 
is is a chicken and the processing comprises: 

placing the chicken carcass in hot liquid; 
removing feathers from the chicken carcass; 
removing viscera from the chicken carcass; 
20 chilling the chicken carcass; and 

packaging the chicken carcass; 

wherein the chicken carcass is cooled during at 
least a portion of the processing step with reduced 

2S temperature gas selected from ozone, nitrogen, 
and carbon dioxide and the level of at least one gas 
in the atmosphere surrounding the chicken carcass 
is determined and said gas is added to the atmos- 
phere when the concentration falls below a prede- 

30 termined level. 

13. A method according to Claim 12, further comprising 
the steps of freezing the packaged chicken carcass 
by spraying it with a cryogenic gas including at least 

35 one of the group consisting of carbon dioxide, nitro- 
gen, and air collecting said gas, and utilising said 
collected gas to cool the chicken carcass during the 
processing step. 

40 14. A method according to Claim 12 or Claim 13, where- 
in the processing step further comprises cutting the 
chicken carcass into portions with a cutting imple- 
ment and spraying a mixture of ozone and water on 
the cutting implement. • 

45 

15. A method according to any one of Claims 12, 1 3 or 
1 4, further comprising the step of spraying at least 
one of a mixture of ozone and water, ozone gas, air 
and ozone gas, carbon dioxide gas, and nitrogen 

50 . gas on the:Chicken carcass after removal of the 
leathers therefrom to reduce microbial growth on 
the carcass and cool the carcass. 

16. A method according to Claims 1 2 to 1 5, wherein the 
55 chilling step includes surrounding the chicken car- 
cass with a mixture of chilled water and ozone and 
applying ultrasonic oscillations in the water to loos- 
en microbes from the chicken carcass. 
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17- A method according to any preceding Claim com- 
prising slaughtering the animal to produce the car- 
cass, wherein the slaughtering step includes the 
step of exposing the animal to a gaseous mixture 
including ozone and at least one of the group con- 
sisting of nitrogen, argon and carbon dioxide. 

18. A method of reducing microbial growth and cooling 
an animal carcass prior to processing into a food 
product, comprising the steps of removing viscera 
from the animal carcass and spraying a gas includ- 
ing at least one of ozone and carbon dioxide within 
a cavity of the carcass to reduce microbial growth 
and cool the carcass. 

19. A method according to Claim 18, further comprising 
spraying a mixture of ozone and water into the cav- 
ity. 

20. A method of reducing microbial growth during 
processing of an animal carcass into food, compris- 
ing: 

heating an exterior surface of the animal car- 
cass to open pores therein; 

spraying the animal carcass with trisodium 
phosphate while the pores are open to reduce 
adherence of microbes on the exterior surface; 
and 

spraying the animal carcass with a mixture of 
ozone and Water. 

21 . A method of reducing microbial growth while remov- 
ing feathers from a fowl carcass, the method com- 
prising the steps of: 

heating the exterior of the fowl carcass; 

rotating a plurality of tines about an axis of ro- 
tation so that the tines contact the carcass and 
remove the feathers therefrom; and 

spraying the carcass with at least one of an 
ozone and water mixture and trisodium phos- 
phate while the feathers are being removed to 
reduce microbes on the carcass. 

22. A method according to Claim 21 , wherein the step 
of spraying includes the substeps of spraying the 
ozone and water mixture through a first aperture in 
the tines and spraying the trisodium phosphate 
through a second aperture in the tines. 

23. A system for processing an animal carcass into 
food, comprising: 
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a partially enclosed room having an entrance 
and exit; . • . ■ 

means for conveying an. animal carcass to 
. processing equipment located in the room and 
suitable. for converting the carcass into food; 

gas.supply lines communicating with the room, 
the gas supply, lines being, coupled to gas 
sources including at least one of a source of 
nitrogen, a sourqe of carbon dioxide, a source 
of ozone, and a source of a gas mixture having 
ozone and at least one of nitrogen and carbon 
dioxide, wherein at least one of the sources pro- 
vides ozone; 

means for determining the concentration of at 
least one gas in the atmosphere of the room 
and the temperature in the room; 

means for regulating the flow of gas in the sup- 
ply lines and the temperature according to said 
determinations so that microbial growth in the 
room is controlled, and 

sprayer means coupled to a source of a mixture 
of ozone and water positioned in the room to 
spray the mixture on at least one of the carcass 
and the processing equipment. 

A system-according taClaifn 23, further comprising 
a freezing means for freezing the food by spraying 
it with a cryogenic gas including at least one of the 
group consisting of carbon dioxide, nitrogen, and 
air, means for collecting the cryogenic gas, and 
means for causing the collected gas to flow through 
passages provided in at least one wall of the room 
thereby to remove heat from the room. 

A system according to Claim 23 or Claim 24, further 
comprising means for directing a portion of the col- 
lected gas into the room to chill the carcass. 



26. A system according to any one of Claims 23, 24 or 
25, further including vents tor removing gases pass- 
ing through the entrance(s) and exit(s) of the room 
and scrubbers in the vents for removing ozone from 
vented gas. 

27. An apparatus for use in processing an animal car- 
cass into food, comprising: 

a conduit sized for insertion into a cavity in an 
animal carcass, the conduit having at least one 
lumen and an aperture communicating with the 
lumen to spray substances in the animal car- 
cass; 
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first and second sprayers for coupling to a 
source of a mixture of ozone gas and water the 
first sprayer being positioned to spray an exte- 
rior surface of the aninnal carcass with the mix- 
ture and the second sprayer being positioned s 
to spray the conduit with the mixture; and 

a shield for shielding the carcass from contact 
with substances sprayed off the conduit. 
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28. An apparatus for removing feathers from a fowl car- 
cass, the apparatus comprising: 

a source of a nriixture of ozone and water; 

a source of trisodium phosphate; 

a rotatable support; and 



a plurality of tines mounted on the rotatable 
support for removing feathers from a fowl car- 
cass, each of the tines including: 

a first lumen in fluid communication with the 
source of the mixture of ozone and water, the 2S 
first lumen having an opening for spraying the 
mixture on the fowl carcass during feather re- 
moval, and * ^ 

a second lumen in fluid communication with the- 30 
souVce of trisodium phosphate, the second lu- 
men having an opening for spraying the triso- 
dium phosphate on the fowl carcass during 
feather removal. - 

■ " — ■ ' ■ ■. 35 
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1. Claims: 1-19, 23-27 (partialy) 

Method of processing carcass comprising: A)- conveying said 
carcass to a processing area, B) -processing said carcass 
into food, on. condition that during at least A) step or 
B)step the inside and outside temperatures and/or the inside 
and outside microbial growths on the carcass are controlled 
either by C)- spraying the carcass with a mixture of water 
and ozone or by D)- treating the carcass with cold gas 
mixture of ozone and at least one member of the group C02, 
N2, 02, Ar and air, or by combination of C)step arid D)step. 

2, Claim : 20 

Methode for reducing microbial growth during processing of 
carcass into food comprising: a)- opening the pores of said 
carcass by heating its exterior surface, B)^ Spraying the 
carcass with tri sodium phosphate to reduce adherence of 
microbes on external surface, and C)- Spraying the carcass 
with water and ozone mixture 



3. Claim : 21 22 

Methode of scalding of fowl carcass, with reduced microbial 
growth, comprising: A)- heating the exterior of said fowl 
carcass, B)- rotating a plurality of tines around said 
carcass to remove the feathers, C)- spraying said carcass 
while the feathers are being removed, with at least one of 
the group water / ozone mixture or tri sodium phosphate 

4. Claim : 28 

Apparatus for removing feathers from fowl carcass 

5. Claims: 1-19. 23-27 (partialy) 

Method of processing carcass comprising: A)- conveying said 
carcass to a processing area, B)-processing said carcass 
into food, on condition that during at least A)step or 
B)step, the inside and outside temperatures and/or the 
inside and outside microbial growths onthe carcass are 
controlled by treating the processing area with cold gas 
mixture of ozone and at least one member of the group C02, 
N2, 02, Ar and air, or by C) and D) . 
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